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21(1) PHASE I BOOK EXPLOITATION HON/1911 
International Conference on Cosmic Radiation. Budapest, 19%. 


International Conference on Cosmic Radiation Organized by the 
Hungarian Academy of Sciences. Budapest, 1957. 187 p. 
200 copies printed. 


Sponsoring Agency: Naegyar Tudomanyos Akademia 
Ede.: XE. Fenyves, and A, Somogyi 


PURPOSE: This report is intended for geophysicists concerned with 

cosmic radiation. 
the papers read at 

COVERAGE: This report contains/the six plenary sessions of the 
conference. Some of the problems dealt with include nuclear 
emulsions, extensive air showers and the program of cosmic 
ray measurements planned for the International G¢ophysical 
Year. Most of the reports are followed by references. Soviet 
acientists in the field of cosmic radiation who attended the 
conference are: Eel Andronikashvili, N.A. Dobrotin, II. 
Gurevich, 3.I. Nikolskiy and 3.N. Vernov. The articles are 
written in English, German and Russian without parallel trans- 
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International Conference (Cont. ) HUN/1911 


3. Nikol'skiy, S.I. The Study of Nuclear Active Components of 
Extensive Atmospheric Showers of Cosmic Rays 50 

4, Vernov, S.I., and Zatsepin, @.T. Height Dependence and the 
Problem of the Core of Extensive Atmospheric Showers (not incl.) 
Chudakov, A.Ye. Cherenkov Radiation of Extensive Atmos- 
pherio Showers of Cosmic Rays 5T 
Andronikashvili, E.L., and M.F. Bibileshvili. The Study of 
the Spatial . Dispersion of Penetrating Particles of Ex- 
tensive Atmospheric Showers 63 


THIRD SESSION 
EXTENSIVE AIR SHOWERS 


Babecki, Jele and J.M. Masselski. The Transi- 
tion Curwe of th ent of Extensive Air 
Showers in Lead Abso Between O and 25 ca. 
Janossy, Le, Te Sendor, Investigation of 
Extensive Air Showers 2 
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International Conference (Cont. ) HUW/19211 


5. Friedlander, E.N. A High Energy Meson Shower With an 
Anomalous Angular Spread : 


FIFTH SESSION 


Filipkowski, Aw; J. Glerulaxx, and P. Zielinski, Survey of 

the Experimental Hyperfraguent Data 

Haiao, C., J.C. Cheng, MN. Ia, and KC, Wang. Some Heavy 

papa nag Particle Events Observed With a Multiplate Cloud 
amber 

Friedlander, E.M., and .E. Mayer. Some Remarics on the 

Poseible Cascade Decay of thet -Megon 


14h 


Petreilka, V. New Measurements of the Life Time of 

44 -Nesons Prom Anomal Absorption Using a Graphite Absorber 
and Kuclear Emulsions 

Kiss, D. Measurements of the Life Time of 44 ~Kesons 
Mayer, N.E., and C, Eftinmiu. On Fermion Pair Creation 

by Charged Particles of Spin 1/2 and 0 in an External 

Fie 
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AUTHOR DOVZHENKO O.2., RELEFO B.ke, RIKOL'SKEE Ste Ph - 2957 
- TITLE The Energy Spectrum of Kyone fu the Broad Atacepherie Ghowere 

of Cosmic Rays. 
(Energetieheakiy espektr Kyorov ¥ shirokikh atecefericheskikn 
livayakh koseicheskikh luehey.- Ruseien) 

PERIODICAL Zhurnal Ekeperin. 4 Teoret. Fisik&’ 1957, Vol 52, Sr 5, 
pp 463 - 466 (USSR). 
Reeeived: 6/1957 Reviewed: 7/1957 

ABSTRACT The euthore earried out experimente for the determination of 
the shape of the exergy speotrum of ayone at three different 
distances from the axis of « broad etmospherie shower in the 
Peair (3060 m sea level) in the fall of 1954. Besides, they 
eompared the spectra of myons in ehowers with different prizery, 
energies. The erergy of the myore wae determined from their absorp- 
tion in lead and in the grouad. The general echene of the ex- 
perimental order and the section of the pit dug into the grourd 
are shown in form of drawings. The control system consisted of 
three groupe of GEIGER-K6LLER counters whieh were loeated above 
the detectors of the penetrating partieles es well ae at a 
dietence of 100 and 500 = from them. Abowe the deteetors of the 
penetrating particles many hodoseopie eountere for the in- 
vestigation of the electron-photon componente of the showers 
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Ph - 2957 
The Energy Spectrum of Myone in the Broad Atmospherie Showers 
of Cosnie Rays. 


of the broed atmospheric shower. 
(2 Illuetrations and 2 tables) 


ASSOCIATION: Physical Institute "P.H. LEBEDEV" of the Aeadeny of Seience 
of the 0.5.5.8. 

PRESENTED BY: - 

SUBMITTED: 3.11. 1956. 

AVAILABLE: Library of Congress. 
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NIEQiKIY 5-1-5 SELEZEEV ,V Me 56-5-4T/55 
The pet.al Distribution of #lectron- Photon-Components on the 
Periphery of Broad Atnosphoric Cosaio Showers. (Rgspredeleniye 
elektrpnno-fotonnoy ke ‘ponenty aa periferii shirok ikh atazosfernykh 
livney kosmicheskogo deluchentys, Russian) 
ghurnel “ksperia. 1 ssoret- Faciki, 1957, Vol 32, Ur 5, 
pp 1250 - 1252 (U.3.5.B.) 


A lerge nunber of counting tubes which were established at aif- 
ferent distances from one anéether (of up *0 1000 m) in an alti- 
tude of 3860 a, were used to measure the current density of ell 
charged particles of the shower. The counters were screened by 
means of a thin Al-foil and by wood. 


From the foraula p(s) = din ae the current density of the particles 


at the distance Fr fron the exis of the shower can be computed, 
where n denotes r of counting tubes which had responded, 
m- the total nua end o the surface of & 
counting tube. Three group accurately 
determinable ax rised 
such showers 48 co 

The energy of the pr mary partic 

assumed to be 1,6.10 4 e¥. For the 2né and 


responding figures aret 


PERIODICAL 


ABSTRACT 
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56-6-8/56 
YAVILOY, Yu. i.» CEVSTIGNEYEY, fa.¥. ,NIKOL'SALY, SE. 


Investigation of the Pernctrating loapen ne of oxtercive VOGu4.> 

Rey Air Showera (-2use1-7) 

(Isaledovaniye pronikeyushchey Koapzo. enty shiroxkikh atnosferiches- 
kikh livney kceazicheskogo izluchentye ~2ussian) 

is 53: ene 4 Peoret -Fiziki,1957,Vol 32,¥r 6,pp 1319-1327 
U.S.S.R. 


The present paper investigates the spatial distribution of myons 

in broad ataospheric showerg,which are caused by pricary particles 
with differont energy -These neaeurenents were carried out in an al- 
titude of 3660 a (Pamir) in the eunzer and fall of 1954. 
Experimental oréert The spatial distribution of the charged partic- 
lea was investigated by the nethod of the individual investigation 
of the showers by means of numerous counters (which were connected 
with a hodoscopic device).The general acheme of the experizental 
order ig illustrated by means of a drawing. 

The spatial cistribution of Kyons in the showers The density of the 
ayon flux in the showers investigated did not puffice for neasuring 
then in an individual shower if detectors with the usual surface 
area are used.The nean value of the cenaity of the ayon flux in the 
showere with aseuzed number of particles was deternined by counting 
the myon passages through the detectcr.The varying influence exer- 
cised by the angle of enission of the pions upon the spatial cietri- 
bution of the soff and the penetrating component of the broad atno- 
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Zatsepin, G. T., Krugovykh, V. V. 56-2-4/51 
Murzina, Ye. A., Nikol' sk 
The Study of High-Energy Nuclear-Active Particles by Means 
of an Ionization Chamber (Nablyudeniye yaderno-aktivnykh 
chestits vysokoy energii pri pomoshchi ifonizatsionnykh kaner) 


Zhurnal Eksperimental'noy 1 Teoreticheskoy Fiziki, 1958. 
Vol 34, Nr 2, pp 298-300 (USSR) 


In autumn 1955 the authors investigated at an eltitude of 
3860 m above sea level nucleer-active particles of high 
enercy (E> 1011 eV). The apparatus used for these ne- 
asurenents consisted of 6 impulse-fonization chambers which 
were mounted below a lead layer of variable thickness. The 
fonizetion chambers consisted of brass cylinders. An 
electronic device made possible the recistration of the 
intensity of the ionization inpulae in each of the 6 chambers. 
Beside the fonization chambers there was a systes of 972 
hodoscopic counters with a total surface of ~ 10 a2, 

The distribution of frequencies of the ionization bursts as 
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The Study of High-Energy Kuclear-Active Particles by Keans 56-2-4/51 
of an Ionization Chanber 


Card 2/4 


a function of their intenaity (below different filters) it 
shown in a diagram. The interral spectra of the bursts with 
N > 2000 relativistic particles can be expressed by an 
exponential law: 


Ve (> we apd 


Here the exponent yr is the sane with all three apectra 
(20, 50 and 60 cm thick lead layers), it is on the average 


F= 1,5 + 0,16. The absolute frequencies of the ionization 
bursts belon 20 cm and 50 cn of lead coincide within the 
range of error, limits. The renge for the eabsorvtion of the 
nuclear active component in air is ~120 g.cm-<. This value 
is obtained in different ways. In the analysis of the 
correlation of ionization burate with atmospheric showere 

the cases observed were divided into two groups: 

1.- Ionization bursts which are accompanied by an atnosyheric 
shower of small density. 2.- Ionization bursts which are 
accompanied by a broad getmos;heric shower of nore than 10 
particles. The result of this analysis is shown in a 
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The Study of High-Energy Nuclesr-Active Particles by Means S6-2-8/54 
of an Icnization Chanber ? 


diagram as foliows: With increasing intensity of the 
{onization burst also the probability of air escort 
increases (vocduzhnoye soprozhdeniye). In 2) % of the 
cases the authors observed bursto which car te explained by 

a sinultaneous entrance into the detector of at ieast 

two ruclear active particles cf high energy. The authors 
investigated the showers with a number of particles fron 
7.104 to 7.109. The distribution of the frequency of the 
fonization bursts produced by ths nuclear-active particles 

of the wide atmospheric shower with respect to their density 
is shown in a diagram. The frequency of bursts decreases 
with increasing thickness of the lead layer. The 
distribution with respect to the density of the showers 
accompanying wide atnospheric showers can be represented 

by the exponential function with the exponent (7 = 0,9 + Oye. 
The spectrum of the nuclear active component in « wide 
atmospheric shower of -yv 10 particles can ba resreacnted 

in the in erval of energies of from €.10°) 4a 10 eV in the 
form £799 + 9.2, put the real spectrum can be different from 
Card 3/4 the one given here because of the sinultaneous entrance of 


a, od ae otek - : 
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Danilove, T. ¥., Dovghenko, 0. I.. S0U/56-54-.5-2/55 
Nikoi'skiy, S. ¥., Rakobol'ekeya, I. ¥. 


Cloud Chamber Investigation of the Electron-Photon 
tee abe of Extensive Atecipherto Showers Neer the Aris 
je Wide of 3660 m by Means of Vil'son Camera 
(Iesledovaniye elektronno-fotonncy kogponenty shirokiich 
atmoefernykh livney vblisi osi iivwnye na vysgote 5860 = 8 
pomoshoh'yu kamery Vil'sona) 


Thurnel Exesperinenteal'noy 1 Teoreticheskoy Fiziki, 1958, 
Vol. 34, Br 3, pp. 541-547 (USSR) 


The present work is a continiaation of a paper by I. A. 
Ivanovekaya and othere (Ref 1), and it investigates the 
energy spectra of the electron-photon component in extensive 
atmospheric showers. The measurements were carried out on the 
Pamir by means of a rectangular cloud-chamber and with 1000 
counters (connected to a hodoscopic device) in autumn 1955. 
Sever lead plates of different thickness were mounted within 
thie oloud chazber. The cases of pessage of an extensive 
atmospheric shower were separated by means of a system of 
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SOV / 65-34 -3-2/55 
Cloud Chamber Investigation of +e Electroi-Photern Ccmpcnent 
of Extenaive Atmospheric Showers Near the Axis of the Shower et an Altitude 
of 3660 m by Means of Vil'sca Cazera 


A 
rane 


coincidence and enticoinsidence paless in some groupe of 
counters. The registered distribution of the showers on the ' 
number of particlos is shown ir a diagram. The positicn cf 
the shower axia and the total namter of particles eithin 

the shower were determined from the spatial distribution of 
the charged partioles. The energy of the electrons and 
photona which caused the shcewer in the lead ple ee inside 

the chamber wag determined by means cf the comparison of the 
total number of particles withir the shower with the number 
of particles compute’ from the cascade cuczves for lead. In 
order to compare the experimenta? ceaults with the 
predicticnsa of electromagnetic cascade theoty the authors 
computed the integral energy spec-ra cf the electrons. The 
results of these spectra coincide with one another in the 
case of an energy of 109 eV fcr the distances of fram 2 to 

4 m from the axis. These and alsc cther mentioned 
experimental results make possibie the following final 
conclusions; Kear the aris of an extensive atmospheric shower 
deficiency of electrons and photons with high energies is 
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80V/56-34-3-2/55 
Cloud Chamber Investigation of the Electron-Photon Comnonant. 
of *vtaraive Atmosnheric Showers Hear the Axic of the Shower at an 
Altitude of 5660 = by Means of Vil‘’aca Casere 


observed. This obviously is connected with a flow of photons 
of low energy near the axis as well as with the fact that in 
the production of the electron-photon component of the shower 
nuclear-active particles with an energy of from 1010-4012 eV 
pley « part. The spectrum of the electron-photon component in 
extensive atmospheric showers caused by primary particles with 
an energy of & 2.1014 eV renaine unchanged with a change of 
the observational eltitude. This cau be expleined by the 
equilibrium of the electronphéton component of extensive 
atmospheric showers with nucleer-active perticles of high energy 
as well as by the predominant registration of extensive 
atmospheric showers (which forced at a certein absolute 
altitude above the pbservation Jevel in the depth of the 
atnosphere). 
There are @ figures, 3 tables, and 8 references, 6 of which are 
Soviet 
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80V /S6-34-3-2/55 
Gloud Chamber Investigation of the Electron-VPhoton Ccnpon.nt 
of Sxtenaive Atmon-heric Showers Near the ari. o th Ehewer ut an 
Altitude of *J60 ma by Heane of Vil'son Cacera 


ASSOCIATION: Fisicheskiy institut im. P. N. Lebedeve dAkadenii nevk SSSR 
(Physical Institute iment P. N. Lebedev 4&3 USSR) 


SUBKITTSD: July 16, 1957 
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AUTHORS : Dovshenko, 0. I., Kozhevnikov, 0. A. 504/56-34-6-37/51 
HNikol‘skiy, 8. Teg Rakobol'skaya, I. Ve 


TITLE: The Energy Spectrum of the Nuclear-Activa Particlea in the 
Extensive Air Showers (Energeticheskiy spektr yaderno-ektiv- 
nykh chastits v shirokikh atmosfernykh livnyakh) 


PERIODICAL: Zhurnal ekepesinontal'noy 1 teoreticheskoy finiki, 1955, 
Vol. 34, Nr 6, pp. 1637-1633 (USSR) 


ABSTRACT: As a supplement of their previous paper (Ref 1) the euthors 
investigated (at un altituce of 3660 m) the above mentioned 
energy spectrum. The nuclear-activo particlea were separated 
from the total particle flow in the extensive air shower ac- 
cording to the generation of an electron nuclear shower in 
lead plates which were located within a ercat rectanguler 
cloud chagber. The total thickness of the lead plates was 
~A00 g/en®. A criterion is given for the separation of the 
cases with electron-nuclear shovers from the cages with elec- 
tromagnetic ehowers. The experiments were carried out in 
2 different ways. In the first one there wes no absorber 
above the cloud chanber, but in the second way - ~100 p/om Ale 

Cara 1/5 A sketch of the experimental apparatus ir given, it registrat- 
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$00/56-34-6-37/51 
The Energy Spectrum of the Tuciear-Active Particles in the Extensive sir 
Showers 


ed the extensive air showers with tdal particle numbers from 


104 to 10°. Ae a result of the measurenents carried out for 
52 nuclear interactions the authors obtained the integral 
energy spectra of the nuclear-active particles in the energy 
interval 2 - 50 BeY for distances fron 0 - 9 a from the axis 
of the extensive air shower. As the form of the energy spec- 
trum was identical for both of the above-nentioned experimen- 
tal variants their results were averaged. The integral energy 
spectrum of the nuclear-active particlea obtained for the 
energy region 10 < 50 Bev may be eprroxinated by an exponential 
function of the type E~* with k = 0,95 + 0925. By coaparison 
of the observed number of the nuclear-active particles with 
the density of the electron flow in the s:owera recorded by 
the authors’ apparatus, it was possible to estimate the share 
of the nuclear-active particles with >2 BeV in the total 
flow of the charged particlos in the oxtenaivo air showers 
located within distences of 0 - 9m from the axis. This share 
anounts to (1,3 + 0,3) j% which ia in good agreenent with 
previous results obtained oy means of a hodoscopic detector. 
There are 2 figurea and 6 referencee, 6 of which are Soviet. 
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SOV/56-54-6~-37/51 
Tha Energy Spectrum of the Muclear-Active Particles in the Extensive Air 
 Showere 


ASSOCIATION: Fisicheskiy inatitut im. P. i. Lebedeva Akademii nauk SSSR 
(Physics Inatitute ineni >. N. Lebedev, AS USSR) 


SUBMITTED : February 26, 1958 
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AUTHORS; Hikol'skiy, S.1., Ponanskiy, A. A. SOV/56-35-3-2,".1 


TITLE; Investiration of Extensive Atmospheric Showere of Cosnic 
Radiction Under Denso Substanens (Icsledowaniye shirokikh 
atmosfernykh livney kosmicheskogo izlucheniya pod plotnyna 
veshchnestvon) 


PERIODICAL: Zhurnal eksperinental'noy 4 teoreticheskoy fiziki, 1958, 
Yol 35, Nr 3, pp 618 ~ 630 (USSR) 


ABSTRACT: The present paper deals with investigations of the 
absorption of atmosphoric shower particles in an 
absorber with a low atomic nunter in an altitude of 
3860 a above sea-level (Panir Flateau, 1955). Measure-ents 
were carried out by means of a special arrangement of 
fonization chanbers and groups of hodoscope counters 
(Fig 1). For the description see reference 4. The 
Fesulta obtained by neasurements appear to prove that 
in extensive air showers with jyarticle numnters of 


1049< R< 10° there is, on the average, equilibrius 
Card 1/3 between the nuclear active and electron-photon componenta 
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Investigation of Extensive Atmospheric Showers of Cosmic 5$0V/56-35-3-9/61 
Rediation Under Dense Substances 


of the shower, This is in contradiction to the 

hypotheaite according to which the formation of 

extensive showers is assused to te a result of acta 

of nuclear interaction with total dissipation of the 
energy of prisary partioless it aleo indicaten the 
comparatively insignificant part played by fluctuations. 
The energy of the suclear active conponent of ao shower 
with W<¢ 109 in the lowermost third of the atmosphere 
exceeds the energy of the electron-photon conponent by the 
1,7-f014 of ita enmount. A considerable part of thia energy 


(~ 60%) 19 used for the production of myons and 
neutrinos. The variation of the absorptien coefficient 
of an extensive air shower as well as the charge 

of the structure of the shower core in transition fron 
showers with N( 109 to showers with N>102 agreea 
with the assumption (Ref 14) that the character of 

the elenentery act of muoy ger interaction fa modified 


at an energy of EB, 95.10 eV. The measured data obtained 
seen to show that the absorption of shower particles in- 
Card 2/3 creases at transition to R107, Measurenents were 
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Investi,ation of Extersive Atmospherie Showers of Connie SO¥/56-35-2-9,'61 
Radiation Under Denee Substa-cea 


enrricd out with the particip: tion of a larce croup 

of collabor:tors of the Fisicheckiy inatitut AN SSS: 

(Physics Inctitute AS US&R) ae well as diploanted 

students of the Pizicheskiy fnkul'tet u3U (Paculty 

of Physics of Loscow State University). The authors 

thank Professor $.UWernov, Professor N.A.Dobrotin, an 
Profensor G.T.Zatsepin for discussing results. There are 

7 figures, 3 tables, and 14 referencen, 11 of which are Soviet. 


ASSOCIATION: Pizicneskiy institut in.P.N.Lebedeva, Akadenii nauk SSE 
(Physics Institute i-eni P.N.Letedew of the Acadeny of 
Sciences USSR) 


SUBWITTED: April 10, 1958 
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SOV Jyh 509Gb 4b, 66 
ATTUGKS 5 Murzina, Yes Aw, Nik llskty, “- ¥., Yexovlev, ¥. I- 
at en 
TITLE: Whe Chyervazion of Fuclgar-i.ctive ro rticler of Cesrie Rudiation 
With an Energy of >10! ev (fablyvienize yaderno-aktiwnykh 


chiatita kosmicheakogo izluchentya ¢ enerciyey > 10! ev) 


FERIODICAL: Zhurnal exaperinental'ney | sasretichesnoy fiziki, 0%, 
Vol 35, ‘Ir 5, pp 1297-1300 /U sk) 


ATSTRACT s Th the Fall of 12757 the current intensity of nuclear-active 
high-enersy cosmic rediution particles was nenagured in an 
nleituie of 73460 m above agen level. The fetector of nuclear- 
entive particles conpictad of 7 ion-wation ghanmvers which 
rere gurrounded “y lead. Tue arrerngedent of tae ionization 
chanbe.s is shown by «# schematicail drawing. An analysis of 
nensuring resulta shoves the following: Nuclear-active particles 
having an energy Or £9ra than 2.10'2 eV ure accompanied in 
34 4 5 cures by extensive atnoapleric showers of core than 


4 1 
3,107 roarticles. In ‘the cave of 71.5.10 , ev nuclear-eactive 
warticles ‘iio rercentaje ia 53 + Avse ‘Thug, the percentage 
of high-energy particles acconpanied by showers depends only 


to a atoll extent on the energy of nuclear-active particle. 
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The Observation of Nuclear-Active Particles of Cosmic Rediation With an 


‘Energy of > 10"? av 


A diagram shows the intezral energy syectrunm of nuclear-active 
particles observed in an altitude of 3860 1 above sea level. 
The energy spectrum may be represented in the form 


F(>B) ~1/p'*?? SOOT tte anergy interval of between 


10°? and 10" eV, which ia in agreenent with the energy syec- 
trum of the primary cogmic radiagjon of corresponding energy. 
Much fewer particles with @ 3.10 e¥Y were, by the way, found 
than night have been expected. The autnors thank Professor 

Ne. A. Dobrotin and G. T. Zatsaepin for useful discuasions of 
the results obtained. There are 2 figures ani 3 references, 2 
of which are Soviet. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akudemiif nauk SSSR 
(Physics Institute imeni P. N. Lebedev of the Acadeny of 
Sciences, USSR 


SUBKITTED: July 10, 1958 
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Dovzhenko, 0. , Zatsepin, ¥. , ‘urzini, Le. . Vikilonily vey 
Rakobol'skaya, I. , Tukish, Ye. . 


Investigation of Extensive Atmospheric Showers of Cosmic 
Radiation (Issledovaniya shirokikh atnosfernykh livney kos- 
micheskogo izlucheniya) 


(sie), Akademii Nauk SSSR, 1958, Vol. 118, tr 5, pp.899-902 
USSR ‘ 


In autumn 1955 the energetic characteristics of extensive at- 
mospheric showery were investigated at an altitude of 3860 a 
above the sea level. The lay-out of the experimental 
equipment is illustrated in a diagran. Extensive atmospheric 
showers caused by primary particles with an energy of from 


2.101 3-10°8 eV were separated by fourfold discharges in two 
groups of counters (with a mutual distance of two netera). 
A number of about 4.10% extensive atmospheric showers were 
recorded. A great number of counters was euployed in these 
measurements. The energy spectrum of the ayons at a distance 
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Investigation of Extengive Atmospheric Showers of Cogmic Radiation 


fluence of the neutral pfione with energies above 10°19 eV on 
the electron-photon companent of the shower is assumed. 
Filters of varfous thickness of different materials were 
mounted above the ionization chanbers. [hie permitted to 
measure the energy flow, which fs carsed by the electron-pho- 
tom component of the shower at various distances fron the 
shower axie and also the determination of the energy of the 
nuclear~-active shower particles. The energy of the particle 
with the highest energy in the core of she extensive ataos- 
pheric showers with less than 1 particles anounts to 10 % 
in the mean of the energy of the electron-photon component 
of the shower at the observation altitude. the remaining 
nuclear-active perticles in the shower are distributed accord- 
ing to the law ~1/8", E denoting the energy of the nuclear 
active particles and n = 0,9 + 0,2 holding. The cores of the 
extensive Styanmeste showers with a nuaber of perticles 
exceeding 10°? are very complicated. There are 3 figures, 
and 6 references, 6 of which are Soviet. 
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JIFrcRENT CHAVACTERESTICS UF eXkTenSIVE AIH SHWE AS FUNCTIONS UF THE TOTAL 
UF SHOWER PARTICLES 


S.I. Nieolakiy, A.A. Pomanekif 
1. Using composite ap-aratus, a ;enerai aescription of which was ¢iven at the 
cosmic-ray conference at Varenna, a stuay was made (at 5°60 m altitude) of the absorp- 
tion of the total particle rlux of extensive air showers in a dense materia: cloce to 
air in ite mean atomic mater. 
The number of particles gnder the abeor.er was measured by means of toniga.ion 
chambers. Showers were registered with the total mumber or perticles fron 10 to 10°. 


2. An anelyate tae been meace o1 the absorption of the rlux of shower perticles in 
eshowere with cifferent mmber of particles. ixperinentel aata indicate that perticle- 


flux in showers with the number of particles from 109 to 5 x 10° te absorbed in a dense 
material more intensively that particle: flux in a shower tith a smatler number of perti- 
cle . This sore repta absorption or particle rlux in showers with the total number of 
particles ranging rrom LUD to S x 105 may be due to the relatively nell number of 
nuclear-aective particles in showers «ith the number of pertictes lying tn this range. 
This wes notea in earlier experinents. 


repoetpresented at the International Cosmic tay Conference, Moscow, 6-11 July 1499. 
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Je A number of other shower characteristics are considered. The spatial 
distribution both of all the charged particles and the electrons in the 
shower ig found to only slightly sensitive to the nunber of particles in 
the shower. According to the cascaie theory and the nuclear-cascade scheme 
of the developrent of extensive air showers one wight expect that with an 
increase in the nunber of particles in the shower, the function of spatial 
destribution would manifest a peak (parameter S would dininish). 

Experimental date point to the opposite. The spatial distribution and 
energy spectra of -mesons are independent of the nuxber of particles in 
the shower within the range of the totel nunber of particles 10° ~ 10” 
However, a comparison of different investigations shows that the dependencs 
of the number of mu-sesons in the shower of the total number of particles 
vartes slightly when passing from showers with the nuwber of particles to 
a larger shower, 


4, The experimental data are conpared with seis | aii {3 nuclearecascade 
avalanches caused b primary nucleons of energy 1 10°” ev. 


Report presented at the International Cosmic Ray Cenference, Moscow, 6-L1 July 99 
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ENERGY SPECTRA OF TH: ELECTROR-PHOTON COMFON-RY I6 EXTENSIV: 415 SHORES 
NEAR TH? SHOHER AXIS 
S.I. Rikoleky, 8.I. Dovetunko, 1.V. Rakobolsk-ya 


le The study wes carried out in 1957-1958 at sea level with a cloud chenber 
triggered by a system of counters. 

2. The triggering counter system matte it possible to select air showers, the 
axes of which fell near the cloud chanber. In aidition, during the study, the 
system was altered so as to mycister most effectively showers with a given nus 
ber of particles: We 8x 10°; F 21,2 x 10 $ Fe 3x 10%. The position of 
the shower axis and the nunber of particles in it were deterrizcd from the read 
ings of the hodoscope counters. & totel of 4500 showers were registered, 

Je The rectangular cloud chamber (60 x 60 em) with e@ depth of 30 ca had 6 
plates of lead making a total thickness of 120 g/cm2. When an electron or 
photon entered the chamber, a cascade shower was observed produced by these 
particles in the lead sheets. The energy of the electrons and photons was 
determined from the total nunter of particles registered between the lead 
sheeta tn the cascades showers, 


%. As a result of these neasuresents we have obtained the integral energy 
spectra of a sum of electrons and photons forwsch of the showar groups; the 
fraction of high-enorgy electrons and photonea (2 18 ev) in the totel nuster 
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z he stowsr 
of electrons of all energies in the 0-3 motre distarce range from t 
axis was also detorsined. A comparison of oxperinerital data with calculations 


based on cascade theory shows that enerey pactrg, mar the showar axis (0-3 ») 
ara dapletei in the high-energy region (10? = 10° ev). 


Raport presented at the International Cosatc Ray Conference, Moscow, 6-11 
July 1959 
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THE SPECTRUM OF ZXTEKSIVE AIR SHOWERS ACCORDING TO THE MUMBER OF PARTICLZ3;THE 
COZFFICIENT OF ABSORTION OF <ATENSIVE AIR SHOAERS 
G.V.Kultkow, N.M. Mesterova, 5.1. Mikolsky, @.8. Khristeanseg, A.&.Chudakov 


1. Utilising the mathod of correlated hodoscopes, witch peraite deterainding the 
position of the exits and the nusber of particles in a shomr, we have obtained 
data on shower spectra level and at sea level. 
2, At j860 m above sep level and the interval of particle-nuacer variatio,, 
in the showar from 3410 *° 107. thespectrum ts well approximated by power 
law N~X, where L=1.6-0.1. At sea level there 3s « greater probability thet 
the spectrum will ve irregular in the ranges 1? .- NWO (for<— 10 
W<20° 122.1 %0.s, and for M 10?— £=1.5-0.2. 
3. The shower absorption coefficient obtained from @ coaparsion of absolute 
number of showers with a nuaber of particles greater than that gyven at 
mountain altitadead at sea level, amounts to 1.2] (80-20) e/en. 


Report presented at the International Cosmic Kay Conference, Moscow, S-11 July 1959 
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AUTHORS: Kulikov, Ge Ver Neaterova, N. M., Mikal‘ Akay oe So- 
lov"yeva, V- I., Khristiansen, @. B., and Chudakov,A.Ye. 


TITLE: Humber spectrum of extensive air showers at altitudes of 
200 and 3860 m above sea level 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. WV. 2- Shirokiye atmosfernyye livni 1 kas- 
kadnyye proteessy, 87-91 ‘i 


TEXT: Number spectra of exteneive air showers were investigated in 
detail at the Physics Inetitute of the AS USSR and at Moscow State 
University. The spectra were investigated at an altitude of 3860 = 


and at sea level. Those at sea level were atudied over a range Nos 


2 4-107 to 3-107, Fo 3 ) 5-10°), the sta- 
tistical method was used. ted hodoscoped 

Geiger-Miller counters, wh figure. The 
experiments yielded the numbe r unit time 
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for counters of different o; (o varied between 0.4 and 1.65*107 2m" e 
By comparing the measurements and the calculations, the integral 
spectrum of the showers was obtained: P(PN) = 2.50107 2m 19492009) 


on”2sec™', with N= 4°10? to 10’. For large 5, the spectrum was ob- 
tained by individual study of the showers, at sea level. For this 
purpose, the majority of the counters were disposed in @ circle. 

The position of the axis and the number of particles in each shower 
were determined by means of the electronic computer "Strela". There- 


upon the integral spectrum wae found for N = a-104 to @-10°, viz. 


F(>N,0) = (1,95 + 0,14) 10° 19-5 


-1,5209 1972 g007 aterad” | 


Both series of measurements coincide in the range He10?. In order 
to determine the absolute number of extensive air showers in the 
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range n>10!, the apparatus was divided into 4 groups 
Further, extensive air showers were studied at an alt 

m. The apparatus was controlled by photomultipliers, 
Cherenkov radiation [aAbatractor's note: gee article on P- 47 
qrudy. 7. The shower axis and the number of particles were 


mined by means of a simulator. Showere with N= 2.104 to 10° were 
investigated. From the obtained results, the integral spectrum of 


showers with N= 2.5+10° to 1.3°10 was constructed, vite 


1 


sec obonaae” 


-(1,60+0, 195) -2 
cm 
+, 


P(>W,0)= (446 + 1ay sor Ae 


fhe absorption length A of showers waa 2180 determined; for showers 


with 8 107,A= 156 + 22 gn/em’. There are 4 figures and 2 Soviet- 
bloc referenced. 
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ASSOCIATION: Fizicheskiy inatitut im. P. N. Lebedeva AB SSSR (Phy- A 
sice Institute im. P. N. Lebedev AS USSR); Rauchno-~ 
dsaledovatela'kiy institut yadernoy fiziki MaU (So1- 


entific Research Institute of Nuclear Physice Moscow 
State University ) 
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AUTHORS : Dovehenko, 0. I., Nikola'kiy, 3. I., and Rakobol'skaya, 
I. v. Teg ot a 4a 


TITLE: Study of electron-photon component of extensive air 
showers near the shower axis 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye atmosfernyye livni i kas- 
kadnyye protsessy, 152-158 


TEXT: The electron-photon component was investigated by a cloud 
chamber containing lead plates; thereby, cascade showers were cre- 
ated by the electrons and photons on passage through the chamber. 
In contradiatinction to other investigations, the energy of the 
electrons and photons was not determined by the overall sum of par- 
ticles in the entire cascade shower, but by the number of particles 
in the upper 5 sections of the chamber, in the region of the shower 
maximum. The present investigation was carried out in the fll of 
1955 at an altitude of 3860 m (at Pamir Mountain), and during 1957- 
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1958 at sea level (at Moscow). Two different methods of shower se- 
lection were used. In 70% of the cases the axes of the extenaive 
air showers passed at a distance of 0 to 3 m from the cloud cham. 
ver. The total number of particles was determined by neans of a ho- 
doscope. In the Pamir investigations, 300 showers were recorded 


with number of particles per shower N= 10°. At Moscow, 2370 show- 
ers with # = 8+10° were registered. 1830 showers with ii = 1.2.104, a 


and 436 showers with N = 3-10°. As a result of the experiments, the — 
integral energy-spectra of the electron-photon component were ob—- 
tained. From these spectra, the fraction of high-energy electrons 

and photons (with respect to the total number of particles ina 
shower) was determined. The results obtained for showers of various 
number of particles agree with each other within the limita of ex- 
perimental error. No increase was observed in the high-energy ele- 
ctron and photon fraction with increasing number of particles. A 
comparison of experimental results with the predictions of cascade 
shower theory showed that the experimental spectra in the vicinity 
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of the shower axis, are deficient in high-energy electrons. Subse- 
quently, the energy spectra of electrons were computed for showers 
in which the electron-photon component is in equilibrium with the 
nuclearactive component. The integral energy spectrum was construc~ 
ted for distances of 0 to 35 m. from the shower axis. A considerable 
found between the theoretical and experimental 
due to the fact that the theoretical calcula- 
take into account the {nitial conditions of 
creation an of the electron-photon component. Further, 
the lateral dist lectrons and photons in 


the core region was ¢ 0 to 0.3 m from the 
shower axis). If certain condit e simultaneously fulfilled, 
then the core Was considered to pass cloud chamber. For 


electrons and photons with energies 510° ev., the density distribu- 
tion of the particles can be expressed by pi 102 )~wr", where 
m 


n= 1.2 + 0.5. From data obtained at the yr Mountain, it follows 
that un = 1.6 + 0.3 at distances of 1 to 7m. A figure shows the 
distribution of electrons and photons, obtained at Moscow and the 
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Pamir Mountain, respectively. The energy spectra of electrons and 
photons were constructed on the basio of 12 cases when the core 

passed through the chamber (for distances of 0 to 0.5 m from the 
axis). The mean energy per charged particle in the region of the 


axis waa approximately 3.107 ev., and at 0.5 to 3 m from the axis ~ Xx 


approx. 4-10 ev. The obtained values for the mean energy and the 
mean density are in good agreement with the resulte of T. Kaneda 

et al. (Ref. 7: This Trudy, p. 56). There are 2 figures, 1 table 
and & references: 6 Soviet-bloc and 2 non-Soviet-bloc (including 
one translation). The reference to the English-language publication 
reads ag follows: W. Hazen. Phys. Rev., 85, 455, 1952. 
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AUTHORS: | Nikol‘'akiy, S. I., and Tukish, Ye. I. | 


TITLE: Distribution of energy flux of electron-photon and nu- 
Clearactive component of extensive air showers at an al- 
titude of 3860 m above sea level 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye atmosfernyye livni 1 kas- + 
kadnyye protsessy, 159-1435 
TEXT: The investigations were carried out at the Pamir Mountain 
(3860 m). The apparatus was described in detail in publications of 
the earlier International Conference on Cosmic Radiation (Ref. 13 
Dobrotin et al., Nuovo Cim. Suppl., 8, 612, 1958). The density of | 
the energy flow was determined by 12 ionization chambers placed un- 
der lead absorbere of various thickness. In some of the experinents, 
the absorbers were removed. The apparatus permitted determining the 
density distribution of the energy flow at distances of 0.2 to 50 m. 
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from the shower axis (for showers with numbers of particles r.i3m 
2.10? to 410°) and at distances of 0.2 to 20 m from the shower i 


axis (for showers with number of particles from 610° to 12-10°), 
The density of particle flow was defined as the sug of the inte- 
grale 

Qo 


5 ant 
Pr 8 ( N(t)dt + 8 K N(t = 53)e 0 at 
0 53 


where 8 = 6.4-10° ev. ig the critical energy for electrons in lead, 
t - the absorber depth, and N(t) - the particle-flow density at 
depth +. A figure shows the density distribution of particie-flow 


in showers with i = 3-10? and = 10? particles. The obtained dia- 
tributions are independent of the number of particles in the show- 
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Distribution of energy-flux D299/0305 

-er, and have the form: pyr 8 for 0.5¢ré8 m, and pevi/r* for’”’ 
84650 m. For mall depth t, the contribution by 7°-mesons to the 
total ionisation te amall. Hence tt £6 aeauned that to « depth t«§ 
om Pb, the fonisation ie entirely due to the electron-photon compa | 
nent. The energy-flow density of the nuclearactive component was ‘ 
‘determined as the difference between the density of of the total 
energy flow and the density of the electron-photon component. The 

energy of the nuclearactive and of the electron-photon component 
were caloulated for a circle of radiua R= 30 m, for 2 groupe of 


showers (with B = 3-10? and 10° respectively). The resulte ere lie~ | 
ted in Table 1 (wee table). & adecrepancy was found between the ex-. . 
pected value of 10'4 ev. of the energy of the nuclearactive compe] 


: 
nent and the experimentally obtained value of 3.3°10°° evs; thie 
disorepancy cannot be explained by meaqurement error. The possible | 
,Source of the error is analyzed. Finally, the mean energy per el- 
‘ectron ig plotted on a figure (ae a function of the distance from 
the shower axis). There are ¢ figures, 1 table and 8 referenceer 
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7 Soviet-bloo and 1 non~-Soviet-bloo. The referenée to th Lish- 
e773 Cr tambien reads as followes Kraybill. Phys. faves 95 
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AUTHORS: Dovzhenko, 0. I., Zatsepin, G. T., Murzina, Ye. A., Ni- 
_kontakiy, 5- Tes and Yakovlev, V. I. 


TITLE: Energy spectrum of nuclearactive component of cosmic ra- 
diation at 3860 m, and related extensive air showers 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye Atmosfernyye livni i kas- 
kadnyye protsessy, 144-151 


TEXT: Two series of experiments are described, of 1955 and of 
1957. The apparatus used in 1957 permitted detecting extensive air 
showers exceeding 1000 particles only. The relation is established 
between the nuclearactive particles and the ionization bursts in 
the chambers. Computations showed that if the integral energy-spec- 
trum of the incident nuclearactive particles is expressed by the 


power law f{>EB) = AES, then the fonization spectrum is also de- 
scribed by a power law with the same f°. The experimentally obtained 
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energy spectrum of the nuclearactive component is plotted ina f£i- 
gure. Prom the figure it is clear that the integral energy spectrun 


of nuclearactive particles in the range of 10/2 to 5-10 ~ ev., can 
be expressed in the form f(DE) = AEG, where = 1.5 + 0.1. The ab- uo 
solute intensity of the nuclearactive particles with energy 210'2 


ev. 19 5.5 + 0.6 hour” 'steraa~!, By comparing the obtained intensi- 
ty with the spectrum of the primary radiation and the number of 
low-energy nuclearactive particles at sea level, one obtains the 
absorption length for nuclearactive particles. In order to detect 
the air showers accompanying the nuclearactive particles, 15 cylin- 
drical jonization chambers were used. The obtained integral number- 
Spectrum 1a shown in a figure. It was found that the percentage of 
nuclearactive particles, accompanied by air showers, increases mono-~ 
tonically with the energy of the nuclearactive particles, varying 


between 76 and 68% for energies of 2-102 to 2.5-10'? ev. The inter 
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aotialfree-peth wae calculated by the change in the nusber of the 
recorded nuclearactive particles as a function of increasing thick- 
meee of the graphite layer above the fonigation chamber. It wae alac 
found that the integral energy spectrum of nuclearactive particles 


Can be expressed in the form P(DE)~e"". where a « 0.9 + 0.2. Thies 
formula @pparently characterises the spectrum of the niiclearactive 
component ae a whole. Purther, the ener Spectra of nuclearactive 
componente for showers of different total number of particles fa 

determined, as well ae for various dietances from the shower axifa, 


The procedure used for this pur Ose fe desoribed, The air showers 
under inveetigation were divide into 3 groupe (according to total 
number of partiolee). A peculiar featura of the spectrum at distan~ 
cee of 0 ta 1 m was the absence of nuclwaractive particles with en- 


ergiea below 101! ev. The integral spectra of nuclearactive par- 
ticlee for the § grote of showers are show in « figure. The spec 


tra are sharasterized by smooth shape even in the region where « 
shower contains 1 te 2 particles. By averaging, one obtainge the 
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AUTHORS: Kalachev, B. V Nikol'skiy, 5. -I., Pomanskiy, A. Acy 
and Tukish, Ye. In 


TITLE: On fluctuations in the number of f-mesons 4n extensive 
air showers 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye atmosfernyy livni i kas- 
kadnyye protsessy, 166-168 


TEXT: The results are given of experiments for detecting fluctua- 
tions in the number of mesons and electrons in showers with number 


of particles 10°C N@2- 10°. fhe experiments were conducted at an al- 
titude of 3660 m (Pamir), in the fall of 1957. The apparatus con- 
sisted of hodoscoped counters, placed at 9 observation points. No 
fluctuations were observed which would have an appreciable effect 
on the mean values of the investigated quantities. The computed in- 
tegral number-spectra were compared with the experimental spectra 
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for various distances from the shower axis. A larger number of show- 


ers with number of particles Re 10° were observed than was to be ex- 


pected by the computations. This may be due either to a conaider- 

able contribution of showers, in which the density of the p-meson 
component exceeds by many times the mean density as determined by 

Yu. N. Vavilov et al. (Ref. 2: ZhETP, 32, 6, 1319, 1957), or to the 
mean density having been underestimated. The second possibility is 
considered in more detail. Denoting the mean number of Ai-mesons in df 


the shower by N =otn5, one obtains (in the rirst approximation) 
the formula - 


Og - (= - 4) oe 


for N¢10°; the left-hand side of the formula expresses the relative 
change in the number of recorded showers, andAxov expresses the 
relative error in determiningd. For distances of 40-50 m (as well 
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as for other distances), the quantity AC/c—~0.5, 

which does not exceed the limite of Statistical error, Hence no 
fluctuations were observed in the experinents conducted, so as to 
effect the mean values of the quantities. There are 2 figures and 
2 Soviet-bloo references. 


hence Ao/i~208, 


ASSOCIATION: Fictoheskiy inetitut im. p. H. Lebedeva AN SSSR ( Phy- 
Sics Institute P. H. Lebedev AS USSR) 
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AUTHORS: Nikol'skiy, 5S. I.,; and Pomanskiy, A. A. 


TITLE: Dependence of various characteriotics of extensive air 
showers on the total number of particles 


SOURCE: International Conference on Coemic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye atacsfernyye livni 1 kaa- 
kadnyye protsessy, 235-241 


TEXT: Showers with number of particles NH ranging from 104 $0 10° 
were investigated. The showers were divided into 7 groups (accord- 
ing to the number of particles). It was found thet the absorption 


of showers with W107 essentially differs fom the absorption of 
showers with W¢10° (NY denoting the total number of particles in 


a shower of a certain group). It was found that the nuclearactive 
particilss, tcc, are not monotonically varying in the case of show- 


ers with N10", The dependence of the number of A-mesons on the 
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total number of particles is more regular, yet showers with N10? 
exhibit a somewhat particular behavior in this respest, too. A 
qualitative study of these irregularities led to the conclusion of 

a change in the nature of elementary nuclear interactions for par- Tf 


ticle energies Ea10'4 ev. Some quantitative results are given 


which would elucidate this change. A particle was considered, cor- 
responding to a traveling wave in a hydrodynamic system. Ita energy 


was set equal to approximately 0.8 B(E Jue?) 1/19, The energy apec- 


trum of the secondary particles waa selected in accordance with 
statistical theory; the nucleonic component was aseumed as 0.27, 
The method of successive generations was used for calculating the 


absolute intensity of extensive air Showers with N = 10°, 10° and 


10° respectively, the energy spectrum of primary particles, the 
number and energy of nuclearactive particles, and shower absorption 
in the atnosphere, After additional computations, the authors ar- 
rived at the following conclusions: Various irregulurities were 
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observed for showers with RMO0?, These irregularities can be ex. 
Plained in two ways: a)In nuclear interactions, & sharp increase 
in the fragmentation of energy between Secondary Particles takeg 


Place, Starting from energies of 10!4 to 3-10'4 @v.; thereby 1¢ 19 
necessary to assume that the elementary events called forth by 7 
mesone differ from those due to the nucleons, or to postulate the 
appearance of some new particles; b) in Collisions of nucleons with 


energies higher than 10!9 ev., 1t 18 possible that a considerable 
energy-fraction ig transmitted to the electron-photon Component, 


2 non-Soviet-bloc. The reference to the English-language publica- | 
tion reads ag followa: @. Coceoni, y, Cocconi~Tangiorgi, K. Grei- 
Sen. Phys. Rev., 75, 1063, 1949, 


ASSOCTATTON; Piricheakiy inatitut im, Pp, N. Lebedeva AN SSSR (Phy- 
Sica Inatitute im. P. XK, Lebedev AS USSR) 
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AUTHORS: Dovzhenko, 0. I., Nikol'skiy, S. J., S0V/55-36-1-3/62 
Rakbbol'skaya, I. You 


TITLE: Investigation of the Cores of Broad Atmospheric Showers of 
Coamic Rays by Means of a Cloud Chamber (Issledovaniye stvolov 
shirokikh atmosfernykh livney kosmicheskikh luchey pri 
pomoshchi kamery Vil'sona) 


PERIODICALs Zhurnal ekaperimontal’noy i teoreticheskoy fiztki, 1959, 
Yol 36, Nr 1, pp 17-235 (USSR) 


ABSTRACT: In the present paper investigations are described which wera 
carried out (on sea level) in Moscow in 1957, Interest in 
investigations of extensive air showers increased considerably 
recently, becnuse the investigation of structure, compesition, 
energy distribution of particies as well as the Cherenkov 
radiation produced in the atmosphere can supply inforzation 
concerning particles interacticn at energies »10! ve. In 
this connection especially the investigation of shower cores 
ie of importance, which alao forms the subject of the present 
paper. 

: For the investigation a rectangular cloud chamber and coun. 

Card 1/4 ters were used. The arrangesent was such that such cases of 
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shower passages were selected for measurements, in which the 
flux of ahower particles above the cloud chazber wes p-eater 

' than that recorded by more distant counter groups (Fig 1). 
The device is then described. Furthermore, the differential 
shower spectrum is celculated according to the number of 
particles on the basis of the following assumptions: 1) The 
shower particles are symmetrically distributed round the 
shower axis in forn of a circle. 2) The differential distri- 
bution spectrum is assumed to have the forn: 


f(N)an ~ way where K(k) ig taken from reference 3. 
3) The number of shower axes with perticle nusgbers W >109 
amounts to 7.10-3/m2 per hour (Ref 3). 4) The probability 
distribution of particle recording is assuzed to correspond 
to the Poisson (Puesson) law. Calculation results are shown 
by figure 5. 

Aleo the number of showers recorded par hour and the mean 
value of the density of charged particles was calculated, and 
calculated and experimental values ere compered (Table 2), 
Agreement is good. Further, the nuaber of shower cores of the 
@lectron-photon components for BH < 3.5.104 and ff > 3.5.104 ere 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0011372 


"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001137: 


Investigation of the Cores of Broad Atmospheric sov/56-36-1-3/62 
Showere of Cosmic Rays by Meane of a Cloud Chasber 


celoulated. In the former cage, calculation results in ~ 10, 
and the experimental result is 9; in the latter case the cel- 
culated result 1a ~ 5, the experigental result 2. For the 
nuaber of nuclear-active particles with energies of % 101! ev 
5 and 1~2 was calculated, while the experimental value was 4 
and O respectively for the two N-values. 4 photographs are 
attached: Figure 4 showe.a cloud chamber photograph of 4 
penetrating electron-photon shower with N%104, figure 5 a 
nuclear interaction at en energy of nuclear active particles 


of > 1011 ev and W = 3.3.104; figure 6 aleo shows a nuclear 
interaction caused by charged particles in the first plate 

of the chanber, at an energy of nuclear active particles of 
22.10"! ev and N = 2.5.104, and figure 8 shows a nuclear 
interaction at an energy of < 1010 ev. The nuthors finally 
thank KR. A. Dobrotin, Professor, end G. T. Zatsepin for their 
interest, N. G. Birger and B. 3. Chernavskiy for discussing the 
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results, and 0. A. 
and Ye. X, 

There are 7 
ere Soviet, 


Kothevnikov, A. iM. 


figures, 3 tables, and 7 


Fistcheskiy itnetitut im. P. WN. 
(Physics Institute fimeni P. 
Sciences, USSR) 


ASSOCIATION: 


SUBMITTED: 


June 14, 1958 
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AUTHORS: Zateepin, G. Te, Kikol’ekiye Seog. SOV/56-57-1-51/64 
Fomanekiy, &. Ao 


TITLE: Decay Processes in the Development of Nuclear Cascades in the 
Atmosphere (Raspaduyye proteesey pri rasvitii yadernykh kaskadov 
v atacsfere) 


PERIODICAL: thurnal ekeperimental'noy 1 teoreticheskoy fisiki, 1959, Yol 37, 
Br 1(7), pp 197 - 201 (UssR) 


ABSTRACT: Ae the energy of the primary particle fe not directly seagured 
in experizents on atmospheric showers, the development of ava- 
lanches must aleo be considered by giving the initial conditions 
in the depth of the atmosrshere. The uaual method of successive 
generations ts not suitable for the eolution of euch probless. 
Mucleons and pions are aesuned to participate in the nuclear 
cascade proceas. The effective croge section of nuclear colli- 
@Gione fe assumed to be equally large for nucleons and plone. 

The initial conditions ere asaumed to be given in the depth x,: 


(E,m,)4E and W(B,x, de, respectively, are agsumed to denote the 
number of nucleons and wnesone, respectively, with an energy 
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of E, E ¢ aE in the depth x. the kingfic equations are written 


down in the forn ay{Ese) = -N(E,x) + [w(e*,x)¥,, (5.5) + 


me E 
+ WE',x)W(E",E)] aE", aft.) = -WE,x) (1435) + Feet 
. (B',E) ¢ WE! ,x)W, (E",B)) AES. On Went Vent Wee denote the 


energy spectre of the perticles corresponding to the second in- 
dex which originate in the nuclear collision of ea particle eith 
the energy E' (which ie designated by the first index). E, - 


- woe /t,9(8,) ° 1.4.10! et denotes the critical energy of the 


ev-mesons,-at which the probabilities of nuclear collision end 
of decay in the depth xel are equal to each other; g(e,) denotes 
the density of air in g/ce? in the depth tg. The eolution ie 
written in the form of series 4(E,x) © i) Bi(E,x), 


foe] aQ 
W(x) - o7(*-¥o) W,(£,x). The series reaulting by gubeti- 
oA t 


L 
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tuting these series into the above-nentioned kinetic equations 
are represented step by s%ep. In the special case x, © 0, the 


solutions pase over into the known solution of the method of 
successive approximations. In the present solution, all terue 
of the series are positive, and the eeries te alwaye convergent 
if the totel energy of particles at x, fe finite. The solution 


4a, however, amore extensive than in the case m5 ° QO. In some 


cases importent for the interpretaticn of the experimental date, 
the role of the decay process can be considered in a much sia- 
pler way. The authors estimate which portion of the energy of 
the nuclear-ective component (which is present in the showers 
at the altitude of the Pamir station) ie conguned for the forma- 
tion of muons and neutrinos in the further pessage through the 
ataosphere. According to these calculations, at an energy spec~ 


trum of the type B7-4E of the nuclear-active component of show- 
ere at the eltitude of the Pamir, about 50% of ite energy aust 
be used up for the generation of muons and néutrinos, thus, 
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being ateeing for the development of cascades. This conclusion 
fe almost independent of the mechanion of the elementary process 


of nuclear collisions. There are 1 table and 6 references, 5 of 
which are Soriet. 
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KISHNEV, Seleg HIKROL'SELY, S.1. 


Number of extensive eir showers of cosmic rays near see level. 
thur. eksp. i teor. fir. 38 190122579256 Jan *60. (KIRA 14:9) 


1. Fisicheskiy institut im. P.N.Lebedeve AN SSSR. 
(Cosmic rays) 
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Number of extensive air chowers sf cosmi 
C rays near sea } e 
Thur. ekep. 1 teor. fir. 33 90.12257-258 dan "O.. (ee 14:9) 


1. Fheicheakiy institut im. P.N.Lebedeva AN SSSR. 
(Cosmic rays) 
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a a eal \ 
TITLE: The Energy Spectra of the Electron - Photon¥Component of 


2 tne Serene o4, 


Air Showers in the Neighborhood of the Snower Arian 


PERIODICAL: Zhurnal eksperimental 'noy i tecreticneskey Steiki, 190, 
Vol. 36, No. 5, pp. 1361-1349 


TEXT: The resulta given in publisatiorg on this toyic are inexact and 
contradictory. The authcra have therefore invastigated the alectren 

pheton energy spectrum within 3 m of the shower axis. The method «f reagure- 
meant and the experimental arrangement are described in detail. Fig. ‘ shows 
the arrangement of the cloud chamber in ehich six lead platea of different 
thicknesses (total: 120 g/cm*) are plnced over one another aiong with the 
surrounding ccunters for the tao eens systencs. Only shcewars with lve 


partiole-flux densities (WN = 9°107, 1.2°10%, and S104) were selected fer 
study. Of these, 2370, 1630, and 436 showers, respectively, were reccrded 
Nearly 70% of all particles lay within the chosen radius of 3 a. The 
spatial distribution of the charged particles in the showers with 
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No 9+10° ig shown in Fig. 3, this may be represented ty 
4 shoes the integral electron: p 
5 shows the ratio between tne alectren- 
densities in the shorers sith Wo 300% and H = 1.2010". 


§/056/60, 08/005/6 94) Cue 
pooe/EG70 


e(> 0) 4 iT a 


neton spectra cf 


and 


The ratio &= as 107)/e@( > 0) between the three shower groups Bas calcuist- 


ed te be 1644, 1543, and 1543; respectively. The 
are compared with thos4# of Hefs. 2~4 in Table 1. 

tc the radial 
photons of each grcuRr with BE 2 !07 6%: Feperamens: 
average over all showers along 
acres that passed through the cloud chanber. Poisson! 
are shown for both these distributions. 

trfpution does not agree with Poiseon's. 
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83568 
The Energy Spectra of the Eleotron ~ Photon ie 
Component of Air Showers in the Neighborhood B006/B070 
of the Shower Azis 


law (> 10?) ~r ® holds, where n « 1,240.5. The results obtained are 
compared with those of the cascade theory, for which purpose data cf 

S. Ze Belen'kiy and I. P. Ivanenko are used. The ceonclusions are summarized 
as followa; 1) Ko change in the fraction of high-energy electrons an3 
photons could be observed in the showers with an increase in the total 
number of particles. 2) The observed fraction of high-energy electrcns ard 


photons is conaiderably saalier than the theoretical one; and thia :s 50 
whether the primary energy is assumed to be infinite, or an equilibriua 
petween the electron-photon and the nuclear active compcnents ia assumed. 
CG. T. Zatsepin, I. P. Ivanenko, and L. I. ee are thenked for dis- 
eran and 0. Fe Bakitin, 0. N. Kovoseloy, Ie Ae Ivancvskaya, Be_Ke 
» and Le Ee Bocharoy for their assistance in the experinenta. 
There are 6 figures, 2 tables, and 6 references: 7 Scviet and 1 05. UX 


ASSOCIATION: Ficicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 


Inatitute cf Physics imeni P. N. Lebedev cf the Acadeny 
7 of Sciences USSR a 
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AUTHORS « Hikol'sakiy, S- I., Smorodin, Yu. A- 
————=————— OO Ooonana—r™——_ 


TITLEs Interpretation of Experinental Data on the Spectrum of 


Electron-Photopt Cascades Having Energies > 10"? ev in the 
Upper Strate of the Atmoephere 


PERIODICAL: Zhurnal exsperizental'noy 1 teoreticheskoy fiziki, 1960, 


Yol. 39, Ko. 4(10), pp- 1156 - 1157 


TEXT: at the Internsttionel Conference on Cosmic Radiation (moecoe 1959) 
a report wae given on the origins Tesuite obtained tor the energy 
spectrum of electron-photen cascades at an altitude of 10 - 12 ke. It wee 
found that the energy spectrum of these cascades deviates considerably 
from the energy spectrum of primary coeatc redietion within the corre- 


sponding energy range (~ Bn *eE and wk7?* ax, respectively). Aa the rd 
asauaption diacussed at the conference thet the energy fraction trane- 
ferred ia tne electron-photon component decreases with growing interaction 
energy of the particles is not applicable to the data of extensive sir 
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Interpretation of Experimental Data on the $/056 60/039/004/042/046 
Spectrum of Electron-Photon Cagcades Havirg BO06/BO56 


Energise > 10'? ev in the Upper Btrata of the Atmosphese 


showers, the authore try to explain the data of energy spectra {n « 
different waye they asaume that the character of the elementary eventa of 


partiole interaction at en energy Pn to 3.10'4 ev changes. The 
authors caloulated the total energy flux carried avay by electrons and 


phetons with energies higher than 10'* ev at an altitude of 10 - {2 km. 
_ ‘The corresponding experimental dats are given in @ figure by circles 
(photoemuleion data) and equares (ionization chanber data). The total 


energy flux carried away by electrons and photons of energies > 1G ev 
fe, if recording is done by {onization chambers, higher than shen 
detersined in photoemuls ions. In order to determine the experimentally 
observed total ensréey flux, 1% fe necessary to extrapolate for nigh 
energias . If, on this occasion, it 18 assuned that the enerey spectra 
retain their shape, the energy fluxes geagured by the photoemulr tan meths 
are higher than those determined by means of icnizatior chasbers. Agree- 
ment. of experinental data may be ebtained onhy by aseuming that a large 
part of the electrons and photons with BD10 “ ev- which are otaerved in 
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AUTHORS: Nikol'skix s. Lee Pomanskiy, A. A. 


TITLES Celculetion of the Aversged Characteristics of Extensive 
Atmospheric Cosmic Rey Showers 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fisiki, 1960, 
Yol. 39, Ko. 5(11), pp. 1559-1546 


TEXTs The present paper deels with a calculation of nuclear-cascade 
showers containing a given number of electrons et the observation level 
and also with a study of the distribution of the production altitude 
of extensive air showers containing total numbers of particles of 104, 


10°, and 10° at sea level (Moscow) and at an altitude of 59G0 ry (Pegir). 
the primery particles of such showers have an energy of 10°* to 10'9 ev. 
fhe calculations are based on the following assumptions: The nuclear 
cascade consists of nucleons end charged pione which cause, in nuclear 
interactions, the production of neutral pions; the number of charged pions 
fa also decreased because of Ty decay. Other nuclear particles ere 
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86906 
Calculation of the Averaged Characteristics of §/056/60/059/005/02 3/051 
Extenetve Atmospheric Cosagic Ray Showers ~ 8006/8077 
supposed not to be produced. The elementary event of nuclear interaction 
of primary perticles with Bo? 10” ev ie considered by means of the hydro- 


dynamic sodel, travelling waves being taken into account. The relations 
used for describing nuclear interaction events of nucleons with E,<10"5 ev 


differ from those for z,>10 ev only by an e@ditional assuaption on the 


particles corresponding to the travelling waves they are supposed to te 
nucleons. For charge4-pion interactions with BE, <10 3 ew the same hydro- 


dynamic model is used, but without travelling waves being taken into 
account. The mean free path for nuclear interactions in air is taken to be 


15 g/on’. 5.72107 ev is taken as the minimun energy of particles involved 
in nuclear-cascade processes. A number of chareeteristics of these showers 
are averaged over various production altitudes and compared with the 
corresponding experimental datas The theoretical values are within the 
stetistical limit of error of the letter. Considerations end comperisons 
ere discussed by using diagrans and tables. Fig. 5 shows, e.g., the 
probability W that one shower observed at Pamir (the two upper diagrams ) 
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Calculation of the Averaged Characteristics of $/056/60/052/005/023/¢51 
/ Extensive Atmospheri® Cosmic Ray Showers 3006/3077 


or Koscor (the tro lower @fagrams) with a given number of particles " is 
produced at a certain depth of the etnosphere. Fig. 4 shows the production 
probability of a shower with f = 109 as a function of E,. The authors 


thank Professor CG. T. Zatsepin for discussione anc G. Ya. Goryacheva 
for computdétions. N. L. Grigorov and ¥. Ya. Shestoperov are mentioned. 
There are § figures, 4 tables, and 19 references: 16 Soviet, 2 US, and 
1 Italian. 


ASSOCIATION: Picicheskiy institut im. B. 8. Lebedeva Akadesii nauk SSSA 
(Institute of Physics imeni P. N. Lebedev of the Acadeny 
of Sciences USSR 


SUBKITTED: June 3, 1960 


Legend to Table ;" 1) Altitude, 2) Energy of the nuclear shower component, 
5) calculated, 4) expericental. : 


Legend to Table 4): 1) altitude, 2) maar | of the electron-photorn 
4 


‘component of the shower, 3) calculated, experimental, 5) sean total 
energy carried away by nuclear particles of a shower of FB particles at 
the observation level Xo. 
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NIKOLSKIY, 5. Ie, MUPZIWA, Ye. A. ari YAEOWLEV, Ve Le 
er 


"High Energy Nuclear-Active Particles and the Extensive Air Shovers 
Which Accompany Them" 


Report presented at the International Conference on Cosmic Pays 
and Earth Storm, &-15 September 1961, Kyoto, Japan 


P. N. LetMev Inatitute of Physice, Moscow, USSR 
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§/056/61/040/002/004/067 


99842 B119/B214 


AUTHORS 0 Denisov, Ye. ¥., Zatsepin, ¥. I., Kikoi'eiciy, 8. J-, 
Pomanskiy, A. &-, Subbotin, B. V., Tukish, Ye. I., 
Yakovlev, V. I. 


Observation of nuclear-ective particles end electron-photen 
avalanches with energice greater than 1014 ew at a hetght of 
3860 m above sea level 


PERIODICAL: Zhurnal eksperimental'noy 1 teoreticheekoy fisiki, v. 40, 


TEXT: The nuclear-active end electron-photon component of high-energy 
coemio radiation were studied to obtein additional dete on the nature of 
5 


nuclear interaction at energies 2 10! ev. The obeervations were sede in 
1959 on the Pamir. The detector consisted of four rows of fonisation 
chambers between whioh were placed lead and carbon, erd over which were 
10 hodoscope groups containing 12 counters (530 cm° each). Beetdes, two 
cylindrical chambere were pleased at a distance of 7 m from the middle of 
this setup, a hodossopic point and detector of the energy density of the 
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§/056/61/040/002/004/047 
Observation of nuclear-ective... B113/B214 | 


electron-photon component sere at a dieteance of 18 m from the center 

and eerved to etudy the fluctuations of the particle flux. If the exis 

of the extensive atmospheric shower hite the recording area of the 
detector, the number of particles in the shower may be determined from the 
formula B= 1000 o,,shere go is the effective particle density of the 
particle flux per m’. Aseuming that in every event, nucleons end pions 
impart /3 of their energy to the new resulting pione, the energy of the 
nucleer-ective particles was found to be given by B « 2.5100 Sey shich 
holés for the range 10! 'evZEC5-10' Ser. In thie energy range, the nuclear 
interaction cross section dces not decrease with the increasing energy of 
the nucleows involved. From « comparitecn with the experimental data of 
other papers, the integral energy epectrus cf the nuclear-active particles 


in the range 10'7 210! Fee can be axpreseed in the fora f(E)~ Roe where 

ne 1.957¢ 0.1. For energies of nuclear-active particles <16 Sev, the 
energy epectra are determined from the epectral form of the primary 
particles with the help af the mean free path for nucleon interactian and 
the value of the inelasticity coefftotent. In the intermediate range, the 
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. Particles with active nuclef and high energy avalanches of 
electrons and photons in the trunke of wide atmospheric aticwers 
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162, (MIRA 1515) 


1. Fisicheskiy institut im. P.N.Lebedeva AN SSSR. 
(Comic rays) (Electrons) (Photone) 
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§/055 62 /078/005/008 /005 
polly pi635/B104 
AUTIIOR : Hikol'skiys Ss. Is 
TITLE: fide ataospheric showers of cosmic radiation 


PERIODICAL: Uspekhi fizicheskikh nauk, ¥- 709 O- 5, 19625 365-410 
ower part of the 
The following nuclear- 


Experimental work on wide showers in the 1 
point of view froa which 


e last 10 years is reviewed. 
cteristic for the nee 
ince 1948: (1) the priaary coemic rays are 
wiclear interaction ehoae gecondary 

reactive component 
articles collide with 
jhe 


TEXT: 
ataosphore during th 
cascade conception is chare 


tide showers are regarded & 
nucleonss a@he firat process fe an 
products form the soft, the penetrating 
of the showere (5) the secondary nuclear-active ) 


the nucle4 of the air atous and fora all coaponen 
total number of particles WR in the shower on the level of observation is 
rded shower and the eneréy of 


to characterize each reco 
For deteraining the @x 
icles no agsuaptions & 
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particle flux density 
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8/053/62/078/003/001 /o05 
Wide atmospheric showers of ... 5165/3104 


and the reduction of the share of the total energy carried by the nucilear- 
active particles. There are two possible interpretations for the pheno- 
mena occurring when N exceeds 107; (1) The energy spectrum end composition 
of primary particles euffers a change in the corresponding energy interval 


(10' 4.4915 ev), (2) The characteristics of @lementary processes in 
collisions between nucleons change in the sage energy interval, or there 
even are new processes vhich do not occur at lower energies. In case (2) 
the assumption of an increased inelasticity coefficient and of the 
production of groups of electrons or photone and y mesons with energies 


above 10'? ev.and tranaverse momenta of p < 10° ev/c would allow to 
_ @kplain all experimental facts for X > 107. There are 29 figures and 
4 tablea. : 
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-autHoRe Danilove, T. Veg Dentsov, Ye. Voge Mikoh i ekiy, S- fe 


TITLES Deterataction of the totel auaber of nucitear active particles 
- ga extensive atc shewere with che avater eof particles between 


3°10? and 207 
SOURCES Th. ekeper. & Ceor. fice, ve 46, a@- S$, 1964, 1561-1577 


rorprc TAGSs ceemic Cay,- nucleer percicle, nuclear active particle i 
1 


cosaltc shower, cosmic afc shower 
e : 


ABSTRACT: The dependence of the‘number of nuclear active perticles 
M. en the cotel aunbver of shower particles & has been measured for 


Cosuic Ray Station of the FIAS (Lebedev Fhysice Institute e€ the Acer 
deny of Sefeucese SSGR) during the wiacer and spring ef 1961. Skewers ° 
with o given auaver eof particles aad aa exis which passed neat the 

center of the experimental arcey were selected by ceubiatag cotnct@- ' 
dances and eattcotactdenee regtetered by counters eevertag « gives | 
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; ue 3°103—107, The experinents were conducted at the Tiaa-Shan 
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area. The auclear ective particles were recorded by Clive neutron 


detectere which differed ia effective area, thickness ef lead , 
| absorber, and g¢etance from ceater of the arrays Accerétag te dete ¢ 


ebtetned, the integral aunber epectrum (at 3330 netere abewe cea cc. 
level) can be. expressed by the following feruclast , Cotas 


er . = 


si> mad ean-ior(g yg) bees for #<1s-(@, 


a eee ee 


s(> meta eaniet (gig) “te-tet for S>as-e@. 


i%e 
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It te posstble that, because of the effect of the change fa the 
lateral dietribucton function of shower particles near the shower 
| axis, the shower spectrua fe reduced when KM te email; however, the een ee 


‘ 
Ly 


of Ny oa K can be represented by aa exponenttal Law with as supesess | 


amount by which it fis reduced does not exceed 0.1. The dependence uff 
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of 0.72 © 0.06. The ebeclute flux of auclear ective particles te 
1 in satisfactory agreement with che resulte of Coccont and Haredes 
obtained for the same threshold value, and leads to a reasonable 
. tesult for the spectrum of nuclear active particles in showers with 
_ energies between 2°10° and 3°210° ev fn comparison to the results ef 
i high energy measurements by Mikoleky and Legan. An estimate shows 
i that the energy contribution of auclear active particles te diftfereat 
| for large and small showers. The resulte of vacious experiments on 
, the dependence Me on M shaw Chat a better epproxtmation for the 1 
‘whole range 3°105 < « < 2.106 chan thac given by Katsh> (vhere 8 
i fe a constant) ts obtatacd by the followiag set of formulas: 
| Myene? 7? for Ww < $610, Nawk 


°% gor 5°10% < Kw < 2-105, aaé wae. 86 { 
for 2°108< w< 210% Orig. ert. haces 14 feruvias, & Figures, ané 
; 3 cables. * 


; ASSOCIATION: Fistcheekfly factituc im. P. K.. Lebedeva Akadent{ nauk 
SSSR (Phyotee Inotitute, Acadeny of Sciences SEER) . 
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